Abstract Few exercises that encourage elderly persons to be physically active have been proved to exhibit both method-effectiveness (efficacy) and use-effectiveness (effectiveness) in a long-term setting. We recently developed a square-stepping exercise (SSE) for elderly persons and assessed its effects on adherence and functional fitness in a long-term, observational setting following a randomized controlled trial (RCT). Sixty-eight people (SSE group, n = 32; walking group, n = 36) participated in a 3-month RCT. At the end of the RCT period, they were encouraged to continue the assigned exercise autonomously. We measured adherence to the assigned exercise for a total of 4 years and their functional fitness after 1 and 4 years. Functional fitness measurements at each follow-up point and at the 3-month intervention entry were compared in terms of method-effectiveness (per-protocol based [PPB]) and use-effectiveness (intention-totreat [ITT]). At the 1-year and 4-year follow-ups, 69% and 63%, respectively, of the SSE group had continued performing the assigned exercise. These values were comparable to those of the walking group (65% and 65%). From the PPB and ITT analyses, we found that SSE was as effective-or more effective-than walking with regard to functional fitness. In conclusion, SSE is a good exercise choice that is recommended for the elderly on a long-term basis.
Introduction
Elderly people's ability to have a high quality of life (QOL) and remain physically independent may rely upon their maintaining a certain level of functional fitness, which requires physical exercise 1, 2) . An increasing number of physical activity guidelines based on numerous studies have been published [3] [4] [5] [6] . Although most elderly people recognize the importance of exercise, the number of elderly individuals who adopt an exercise regimen is still small 7) , and the number who engage in regular exercise for long periods is even smaller 8) . Studies have looked at ways to increase physical activity of the elderly. For example, it has been found that by increasing their knowledge on the importance of exercise or by enlisting social support for exercise induces a change from sedentary behavior to a more active lifestyle 9) . More recent studies have found a relationship between a person's physical activity and environmental factors, such as residential density, destinations near home and street connectivity 10, 11) . Developing an appropriate exercise program for elderly individuals is also important. Other studies reported that elderly persons who do not exercise, but would like to, expect exercise to fit their preferences 12, 13) . Therefore, exercise programs must be developed which are safe, durable and effective for the elderly, such as the recently developed cobblestone mat walking 12) and T-bow balance training 14) . The authors have developed a new exercise program called square-stepping exercise (SSE) (Fig. 1 ) 15) , which is similar to walking and can be easily performed indoors. However, whereas walking involves only forwardstepping movements, SSE involves step movements in multiple directions over a thin mat (100 × 250 cm) that is partitioned into 40 squares (each side = 25 cm). As participants are performing the exercise as a group with the instructor, they are learning to identify 200 stepping patterns as they follow and mimic the instructor who keeps them moving throughout the exercise period. In a previous 3-month intervention study, we confirmed the effects of SSE on functional fitness of elderly persons 16) . It is not surprising that those who had not been exercising regu-*Correspondence: rshige@edu.mie-u.ac.jp 
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larly showed major effects when they started the exercise regimen. Nonetheless, the important issue is whether elderly persons can continue the exercise program (SSE in our study), and whether its effects are significant after long-term application. Previously, exercises such as walking, aerobic dance and strength training have been proved to exert long-term effects among the elderly that are both individual (persons who continue the exercise program) and social (exercises performed in a group) 17, 18) . Rates of adherence to the exercise program are also reported 17, 19, 20) . Confirming these effects with new exercises such as SSE can expand the exercise choices, and encourage elderly persons to get started and continue to be physically active. In this study, we assessed functional fitness and adherence to the SSE program among elderly persons in a longterm, observational setting. The effects were compared to those of walking, which is a popular exercise among the elderly 7) .
Methods

Participants.
Previously, we conducted a 3-month intervention study in which elderly persons followed the SSE protocol (experimental exercise program) or a walking protocol (control exercise program) 16) at a local health center in Mie Prefecture, Japan. In short, that study included 68 healthy, community-dwelling elderly individuals (65-74 yrs) with no severe neurological or cardiovascular disease or mobility-limiting orthopedic conditions. They were randomly allocated to the SSE group (n = 32) or the walking group (n = 36). The participants followed the assigned program regimen for 3 months. During the intervention period, 5 persons in the walking group dropped out from the study because of family issues (n = 2), unwillingness to continue participation (n = 2) or complaints of knee pain (n = 1). In contrast, no participants dropped out of the SSE group. Participants who joined the randomized controlled trial were invited to participate in the current study. The current study was approved by the ethical committee of Mie University Graduate School of Medicine. All participants also gave their written informed consent to participate in this study.
Follow-up after intervention.
To study whether SSE is effective over a long period of time, we assessed participants' adherence to SSE for a period of 4 years, following the previous intervention study 16) , and tested their functional fitness at 1 and 4 years of the intervention. When the participants completed the original intervention we did not inform them of the follow-up measurements in order to avoid the Hawthorne effect. However, during the last month of the 3-month intervention period, the authors and the public health nurses at the local health center encouraged the participants to continue the assigned exercise. Many participants in each group decided to establish their own exercise groups and regularly participated over a period of 4 years. Members of each of the groups performed 40 min of SSE or walking once per week without any supervision.
Measurements. At 1 and 4 years post original intervention, a questionnaire on adherence to the originally assigned exercise program and engagement in other kinds of exercise was distributed to all of the participants. Interested participants responded with written agreement on participating in the follow-up assessments. Furthermore, to confirm participants' adherence to SSE, we tracked them with an SSE activity attendance log. We defined adherence to SSE as being a participant who was not absent from the SSE activity for 2 consecutive months and attended at least 60% of all activities.
To determine potentially adverse effects of SSE, one of the authors interviewed the participants who regularly performed SSE. The author also confirmed the SSE activity log in which events were recorded. In the walking group, participants who responded "Yes, I walk" to the question "do you perform walking as an exercise once a week or more?" were considered to have continued the walking exercise. Although the participants maintained a walking activity log, we did not use it because the walking activity could be performed anywhere. The physical performance tests for functional fitness were adopted from our previous study 21) . Detailed measurement methods and procedures have been reported elsewhere 15, [22] [23] [24] [25] [26] [27] . The following functional fitness tests were used: chair stands, stepping with both feet, grip strength, functional reach, walking around 2 cones, forward tandem walking, backward tandem walking, simple reaction time and choice reaction time. These tests were conducted by university students who were unaware of the study group assignment (SSE or walking).
Statistical analysis.
To compare adherence to the assigned exercise form between the 2 groups, the chi-square test was applied. We also applied 2 methods for data analysis to confirm the method-effectiveness and useeffectiveness of the SSE 28) . Method-effectiveness is the net (individual) effect of SSE on those who have continued SSE for a certain time period. Use-effectiveness is the gross (public) effect of SSE on those who registered in an SSE program. The first and second effects were analyzed based on the per-protocol based (PPB) principle and intention-to-treat (ITT) principle, respectively. For the PPB analysis, we excluded participants who discontinued the original exercise program (SSE or walking) after the intervention period. For the ITT analysis, we included data from all of the original participants (32 SSE participants and 36 walking participants) from the baseline (beginning of original intervention) through the 1 and 4 year followup measurements. In both analyses, we calculated the mean effects (95% confidence interval [CI] 
Results
Baseline characteristics.
We found a significant difference between the 2 groups in choice reaction time at the initiation of the 3-month intervention (baseline). Of the other 22 items evaluated at baseline, no significant differences were found (Table 1 ).
Adherence to assigned exercise. Of the 32 participants allocated to the SSE group who completed their previous intervention regimen 16) , 28 (88%) and 26 (81%) were evaluated at 1-year and 4-year follow-up sessions, respectively; and 22 (69%) and 20 (63%) of the original SSE group, respectively, had continued the assigned exercise (Fig. 2) . On the other hand, 13% (1 year) and 19% (4 year) reported other kinds of exercise, such as walking, ping-pong and ground golf. The frequency and duration of those exercises were not investigated.
Of the 31 participants allocated to the walking group who completed their previous intervention regimen 16) , 22 (71%) and 25 (81%) were evaluated at 1-year and 4-year follow-up sessions, respectively. At the time of each measurement, 20 (65%) of the original walking group had continued the assigned exercises, whereas, 6% performed exercises other than walking (but not SSE, although we did not prohibit their participation in SSE). Participation in follow-up measurements and adherence to the original exercise form were not significantly different between the 2 groups.
Adverse effects. Among the 22 (1 year) and 20 (4 year) SSE participants, none reported adverse events such as falling, severe muscle soreness or dizziness. However, some participants reported stumbling episodes during the program, though they seemed negligible. No adverse events in the activity log were found. Fig. 2 Flowchart showing the progress of the square-stepping exercise (SSE) and walking groups, including the number of participants and withdrawals. Supervised intervention was conducted in a previous study 16) . The current study covered the unsupervised intervention period following the original study. Percentage was calculated as the present number of participants over the number of participants who completed the original, randomized controlled trial study (32 in the SSE group and 31 in the walking group). The number of participants, indicated with a bold-faced underline, was used in per-protocol and intention-to-treat analyses.
Change in functional fitness. In the PPB analysis, we included 22 SSE and 20 walking participants at the 1-year follow-up, and 20 SSE and 20 walking participants at the 4-year follow-up who had continued the assigned exercise forms. We calculated changes in functional fitness for each group (Table 2) . We were able to categorize each functional fitness test variable into one of 5 groups according to the observed statistical changes from baseline to each follow-up: (1) improved in both groups at both time-points (chair stands and stepping with both feet); (2) maintained or deteriorated in both groups at both timepoints (grip strength [right and left hands]); (3) improved in both groups at the 1-year follow-up only (functional reach); (4) improved in the SSE group at the 1-year follow-up only (simple reaction time and forward and backward tandem walking); and (5) improved in the SSE group only at both time-points (walking around 2 cones and choice reaction time). An overview of the categories indicates that SSE is as effective -or more effective -than walking.
In the ITT analysis, we included all the study participants, i.e., 32 SSE and 36 walking participants for both the 1-and 4-year analyses. The data from those who did not complete the measurements (< 30% of participants) were complemented according to the respective baseline data. Similar to the results from the PPB analysis, Table 2 The greater the change in each variable, the more effective is the effect as compared to baseline. * Adjusted variables were age, sex, height, weight, and the number of difficulties in ADL at baseline. Table 3 . Effects in functional fitness variables between baseline and 1-or 4-year follow-up measurements with intention-to-treat analyses in the square-stepping exercise (SSE) (n = 32) and walking groups (n = 36)
The greater the change in each variable, the more effective is the effect as compared to baseline. * Adjusted variables were age, sex, height, weight, and the number of difficulties in ADL at baseline.
changes in functional fitness were calculated and adjusted for the same test variables (Table 3) . We found the same 5 categories in change patterns, and each category included the same fitness test variables as those in the PPB analysis. An overview of the categories in the ITT analysis also indicated that SSE produced excellent results.
Discussion
In this study, the effects of our newly-developed SSE protocol were tested at 1 and 4 years. These time periods were much longer than those in previous reports 12, 14) . The effects analyzed by ITT were similar to those obtained by PPB; that is, the SSE program was shown to be effective from both the individual and public viewpoints.
The first aim of the current study was to determine the adherence rate to SSE, which was found to be very high. Data from studies using muscular strength training (72% in a 10-month training program 17) and 65% in a 1-year program 20) ) are similar to our results (69% and 63%). However, the training sessions described in those studies were supervised, which means the participants could be encouraged to continue training at each session. On the other hand, in a study by Preisinger et al. 29) , participants had originally been asked to continue a calisthenics exercise prescribed 5 to 10 years earlier at home without supervision; the average adherence rate 5-10 years after the intervention period in that study was 33%. These studies suggest that the adherence rate to unsupervised exercise would be expected to be lower than that to supervised exercise in a long-term setting.
The second aim of this study was to test the effectiveness of SSE in maintaining functional fitness. The effects from SSE in all measured variables were similar or greater than the effects from the walking program. Since both forms of exercise were of similar intensity, the difference in effectiveness is likely due to the exercise form itself. Walking involves only a forward-stepping action, whereas, the SSE program involves stepping in multiple directions, (back, right, diagonal, etc.), movements that require different muscles and more coordination for balance. Although we did not validate the reason for the test differences, we speculate that multidirectional stepping could greatly improve functional fitness in the elderly.
Reports indicate that muscular strength training is effective in the elderly when they adhere to it for a longer period of time 17, 20) . For example, the results of the chairstand test revealed an improvement of 20.5% in males and 18.6% in females after a 1-year intervention. Our study found similar improvements in the same test when data from the PPB analysis from both sexes were combined: 21.2% (1 year) and 19.2% (4 years).
We did not see significant improvement in grip strength because the programs did not include any hand or arm exercises. The deterioration rates from the baseline were 5.2% at 1 year and 10.4% at 4 years (right hand). If we assume the deterioration rates are due to normal aging, we could interpret that all functional fitness tests, except for hand-grip strength, improved considerably even if the improvements were not statistically significant.
Most notably, this is the first study to investigate the adherence to and the effectiveness of SSE in elderly persons over a long period of time. However, some limitations of this study need to be considered. First, the participants in the SSE group might have also performed other kinds of exercises such as walking or muscular strength training. This would overvalue the effects of SSE. Future work should therefore assess the amount of exercise and daily physical activities, and include these as covariates. Second, the difference in how the adherence data for the SSE group was collected versus the walking group limits the interpretation of the data.
This study is strengthened by the inclusion of the 2 types of analyses: PPB and ITT. From these 2 types of analyses, we found SSE to be an effective exercise for individuals and groups. Since SSE can be performed without a specialist's supervision, it can also have cost-saving effects in health promotion.
